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FIELD CF ~HE INVEN~!GN 



Ths oresent invention reutea to dias:ereose!ec;:ve sroc«5se3 'cr ^reoari-g oot;caily 3c;:ve c:;s--i.c'ecs ses 
and nuctsosids analogues ana demaiASS. '^e ""cvei Drocessas of :f:> nvention aitow Te s;ereo-co--j-c ea 
syntnesisof a given enannofnerof a Sesrsd c:s-'"Lc:eoside or-uaeos,ae analo<3u» or oervative r- - gi oc:.cai 
purty. This invention also relates ;o -ovei rtenreOiates jsefui n :re crocesses a( :~is nvention. 



3ACKGRCLN0 CF 'HE INVEN~ION 



to Nucleosides and *eir analogues and denvatrves are an rroorant ciass of ;nerac«i.;:c agents. For exam- 

ple, a ^urcer of iLCJeosides nave snown antiviral acavity aqamst retroviruses sues as luman n-rrunooefi- 
ciercy vrus (HIV), nepaotis B virus (HBV) and luman T-.^onoiropic <irus (HTL>/) i?CT puDncaton //O 
39/M662.and European =atent auoiication 0349242 A2). Among the nucleosides snown :o nave antr<irai ac- 
tivity are 3'-azido-3'-deoiytnymidine (A2~; and 2'3'-<lideorycytidine (DOC). 

15 Most nucleosides and nucleoside analogues and aenvaoves contain at least s«o chirai canters (sno*n as 

• in 'ormuia (A)), and exist in aie form of tmc peirs of optical isomara (i.e.. two in the ow-configuratjon and two 
in the trans- configuratxin). However, generally only the cjs-isomars exhibit ua«fui biological activity. 
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Different enantiomenc 'onms of the same civnucleoside may, however, have very different antiviral activitiet. 
M,M. Mansun et al.. •Pfeoarauon of The Geometrc isomers Of DOC, DOA. D4C and 04T As Potential Anti- 
HIV AganoV Bioorg.Med.Chem. LeH. . 1 (1), pp. 65-68 (1991). Therefore, a general and economically attractive 
stereoseiecnve synthesis of the enantiomers of the biologically active cis-nuciaoaidM ii an important goal. 

X Many of the Icnown processes for producing optically acme nudeosidas and t^air analogues and deriva- 

tives modify naajraily ocojfrng (I.e.. optically aan/el nuclaosidea by altanng tt\» base or by altering ttia sugar 
via reductive procedures sucfi at daoxygenation or radical Initiated reductions. C.K. Chu at al.. 'Ganaml Syn- 
tfiesis Of 2',3'-Oldeoxynudeoeidee And 2',3'-Oldenydro-2'.3'-Oideoxynuclaoaidaa.' J.Ofg.Chem., 54, pp. 
2217-2225 (1999). 'hese iransformaDons involve multiple stape. Including protacHon and daprotaction and 

J5 usually result m low yields. Moraover. they begin w* and maintain the optical activity of tie startn^ nudaoeida. 
Thus, the nuctaoaidet producad by maaa pnxasses are nrhitad to spaoflc analoguaa of tAa enanbomaric form 
of the natumily occumng nuclaoaida. In addibon, aiese procaduraa require tfta avaiabUily of tfia naturally oc- 
curring nu(u asida. oftan an expansive starting material. 

Other khown proeaaeaa for producing optically acsve nudaoaidai raly on conventional glyeoaytatlon pro- 

40 ceduras to add tn« suqar to tnt b«aa. Thaa* procedures invaraoiy give anoinartc mocturaa of cta-and mna- 
aoman wnicft raouira tadioua taparatton and result m lower yialda of tha daairad biologically adtva oa-nu- 
deoeida. Improved giyeoaylaaon mattioda designed to yield only ttia cia-nudaoaida taquira addition a< a 2"- or 
3'-subttitu«nt to ma tugv Sacauia tna 2'- or 3'-iubstituant is only uaafii in controUIng o»-nudaa*d« tyn- 
tnaaia in ona configuration (when *e 2' or 3' substituent is t/ana-to ma 4' subabtuant), multlpla stapa era ra- 

4» quirad to imroduca tfiia subebtuant m t^e proper configuraoon. Tha 2"- or 3'-eubaaiiam muat than ba removad 
atlarglycoayiation. raqumng additional steps. L Wilson and 0. Uott«. 'AGanarml MatfMd Fof Controlling Star- 
eochamtatry In Ttia Synmaaia Of 2'-0aoxyTiboae Nucleosides', Tetrahadron Lalt . 31. pp. 181S-1818 (1990). 
FurtAanmore. to obtain an opdcally pure nuaeotide product, the starting sugar muat ba optically pure. Thia alao 
raquiraa a sanaa of tina-consuming syntheses and purrilcallan stepa. 

50 

SUMMARY OF THE INVENTION 

The preaant invention overccmea tTa difficulties and snortcoming* of 8ia prior tit and providaa proCMaa 
for producing opdcaay tctNa eia-nudaoOdaa and nuaeoaioa analoguaa ind darrvattvaa of fomiula (1) , 
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*rereiP W j C. S, S»0, SO,. NZ. or CH,, 

X a 0, 3, 5^0. SO,, N2. CH, CHF, CH, CHN,, or CHCH; 
Y s 0, S. CH;. CH, CHF. or CHOH; 
Z 3 nyarogen, nyaroxyi, alkyi or acyl. 
R, s hydrogen or acyi: and 

s a surre cr Dyrrntaine base or an analogua or derrvative ther«of; 
provided :fat *r-en Y a CH; and X is 0, S. S»0 or SO,, W a not O, S. S«0 or SO;. 

Th« orocessas of a-a mvsntion comonss -Jie Jteo of glycosylatjng a desired sunne or pyrmidine 5 
analogue or aervative thereof with a smgie enantiomer of *e compound of 'ormuia (M) 



s a suDsctuteO carDonyl or cartonyi dervative and L '9 a leaving group. Glycoayiatton 
piianed usmg a Lewa acid of the formula (til) 

R, - Si - R, (III) 



wherein R4. R,, R,. and R4 are define<a betow and t^e resulting intaimediate i* reduced to give a nudeoside or 
nudeoside analogue or dervetrve of fomnjle (I). 

The orocasses of ttiis ifwenflon hive Jia advantages of allowing pf»p*fitlon of • nijdeoaid* of formul* (I) 
(or anelogues of denvetivee ttiereof) witftout using expensive starting m«t«fi«le. cumbenome protection and 
deptT3teci;on steps or addition and removal of 2'- or 3'-substitu«nti. The procasaM of Uiia invention produca 
nudeosides m ripgn yields, with high punty and high optical spwaflcrty. The processes of thia invention have 
ttia further advantage of genar«ing fwdeosidea »irhoae atareoiaofnenc conflgurailon cmn be easily controlled 
simply By the se<ecoon of the apperjpnata startng matenals. 

DETAILED DESCRIPTION OF THE INVENTION 

m the prtxusM for prepwmg optically active compounds of thia invention in a conflgurationai- and dia- 
starao-eetecttva manner, the following definitions ar« used: 

Ri « a puflna or pynmidlna baa« or an inalogtja or dertvattve therac*. 

A purine or pynnidine baae is a purne or pynmidine base found in naturally occuirlng nudaoadea. An an^ 
logua iheraof is a baaa which mimica such naturally oeeumng baaaa in (hat Iheir saueajrae (the kmda of itonn 
and iher arrangement) are iimiar to ma naturally ocojmng Baaaa but may either poaaaaa addltlonil or ladt 
certain of the functional proparOaa of *a natuiaay occurring baaaa. Such analoguea mduda thoae dartvad by 
replacement of a CH moiety by a nitrogen etom. e.g., 5-azapytimidlnea such as ^azacytoaina) orviea versa 
(e.g.. 7-deazapurnea. such as 7-deazaadenine or 7-deazaguanlne) or both (e.g., 7-dam. 8-izapumaa). By 
dartvativea of such aasaa or inatoguaa ara meant Ihoaa baaaa wherwn ring subaOtuanta ara either .nooriso- 
ratad. removed, or modified by oonventional substiiuenta known in the art. e.g.. haksgen. hydroxyi, ammo. 
C,^ alkyi. Such punne or pynmidine bases, analogues and derlvathrea ara wall known to Ihoea skllad m tha 
an 

A -nudeoside analogue or denvilhre' $ a nudeoside which haa bean modified in any of the Mowing or 
combinauone of the following ways; baaa modifications, such sa additkin of a eubetrtuent (e.g.. S-fluorocytoaine) 



1 



EP 0 515 156 A1 



ar reoiacement of on* group by an sosterc grouc « g.. ^-aeazaaaen rgi. su^ar 'T^oa.■^ca^:o^s sucp 35 
jimjnon of ai« C-2 ana C-3 hyaroxyl groups Oy any SL;s::tLent. rciuamq lyarogen ^e.g,, 2' 3 leory-'.ceo 
siaw), r«pt«c«m«nt of any nng CH grouo or tfi« nrg oxygen <,(th a neteroatom: alteraoan of --s 3,;e of anacn- 
ment of *■ sugar to the baae (e.g.. oynmiaine aases usuaily artacnea to trie sugar at tPe N-' sr.a n-ay se, 'or 
exarrole, attacrea at the N-3 ar C-6 site ana Dunnes LSuatly attacnea at tne N-3 site may ;a. 'or axar-cie, 
attacned at N-7); aitaranon of tfie site of anacnmem of :^e Dase to the sugar (e.g.. -ta Base ~"ay ae atac-ea 
to trie sugar at C-2, sucn as .so-ODA). or alteration of configuration of the sugar-Base mkage e g ., ::s or Tans 
Mnfgurations). 

Rj 3 a carttonyl substituted with hydrogen, hyaroxyl. Jialkyisilyl, traikylsiloxy, C.joalkyl, C-^araik-yi. c.^ 
aikoxy, C.jo amine ipnmary, secondary or ternary). C.jo J1101; Ct-20 ary: C.b aikenyi; c..jj aikyryi: v2-ai- 
oarbonyi, such as 

0 0 
tt i 
CH -C-C- 



subsatuted with C._, alky or C,_jo aryl: anyhandes such as 

20 

0 0 
CHj-C-O-C- 

^' suBatituted with C.^ aikyl or Cj.^ aryl: azomethme substituted at nitrogen witfi hydnsgen. C.jo alkyi or C,.,o 
aikoxy or C..,o diaikylamino or at carbon with nyarogen. C,.„ aJkyl. or Ca aikoxy; tfiiocarOonyl (C«S) substi- 
tuted witJl hydroxyl, Ct.jo aikoxy. Of C.jo thiol; a nomoio^ue of carbonyl, e.g.. 



0 




a homaogue of thiocarbonyt. e.g.. 

S 

i 

-CCHj-; 

or a nomoiogua of BomatMna. such aa 

N- 

-CCHj-. 

rtia prafarrad subatltutad oattwnyl/cartwnyl derivatNea are Hkoxycartonyla. such aa m«^y. el^y1, iao- 
proeyt. t-butyl and manijiyt; cartoxylt: aiattiyt-carooxariioe; pytrolkllna unOt: tnathyi ketona and phaoyt ka- 
tona. Tha tnora piafafrad mbaittutad carttonyi/careonyl denvatNaa era aatan and eartoxyla end the moat pra- 
ferad are estara. 

R. la a chiral au»liaty. The tatm "chiial auxiliary' descrbaa aayimiatrle mdaculea that an uaad to afTact 
tJia c^a^llcal raaolution of a racamic mixture. Sucft chiral auxillarlaa may poaaaaa ona cfint eantar such aa 
matnyibanzylamma or lavaral cfiif* cantars sucn as mantM. T>ia putpoaa o* tha chrtl auxiliafy, onca built 
into tha starong matanaJ . la to allow timpla saparaoon of tha raaultng d'laatareotnark : mbrtiia. Saa. for axampta. 
J. Jacquaa at el.. Enantlotnan, Racamatae And Resolutlona . po. 251-369, John Wlay & Sona, Naw Yo* 
(1981). 
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R„ R, ana R, ar, .«cena.n»y se.ec-.O To,. ^. ^ro.o con.. of -yoro, C „ a,>c. , g 
„„y, M. oc=..ona„y ,uosnt.tea =y halog.n, .F. C:. 3r, ,). C. , a,koxy^, ^. ro,y, or C 9^ 

faiO^s^s >F C;. 3r, I). iF Cl 3r !)■ C. >, suloionaie esiers, jotamW 5i.l> 

s s...c:.o Tom grouo cor,„<,rg o';*-^ " ' ^. ^ ^^,,,3,,, 3,„„^.^, 

„ 5.. rt-uoroa«.3<.,: '^'^i'' •;:'<'';;3V,,n?^v.,: saturated or un^tura... «,.neny, C.. ar^: 
,R,j(R.)(R-iSi (wnere.n R4. R«, an<J R, are as "'^^"•^ orun,uDSt*.-e<1 C » aikoxyaikyi; ana railc/isJoxy 

nony, corrcouna,, sucn as on.ny, sal.n-:. or ^'^Vj '^'^J^l^^^^^^^^^^ „ un,.B,t^..d. samratad or unsatu- 

, ononate.sucra5aietrylono3Bnonate;suDstm.te<JorunauDstitut« 

grcua sucn as tosy.at. ^' "V'^^^^en. -aikyi" rsores.nt, a su6,nt,it.d (by . halogen, hyflroxyt or «Vi) 

or^rii^r^aTcr 

nreferaoiy, Tom 1 :o S oanjori atons ,^,,,,^^,3 (by a halogen, hydroxy! or aiV) or unsubst^ 

atom, and oreferetty 1 to 12 o.rt,oo .»«^s. ^^J^Zi qu...rn«y «T,r«n.un, ..It., 

g., Pyrrondin.,. They .nCuOe ^Jl^^^;^^ .or^'^^'>^ 1 ,0 30 o»^ 

(e.g.. tnK)m«ifiYl)- , hi^h m.v ti« subetttjail by «tlM«on« heteroetom (e.g.. 

(e.g., ph«ny •n<l n«ph»y1). adlacant itom By en Hky* (•.fl- b*"'!'*)- 

"•rr^ivoxV r.p„..n- a .ub....d (by a " ^'^^'^'^ 

aryl nx„«y =ov...n«y bonded through an ^'^^ZTr^^''^ '^^^ « 

The ten. "acy,- refer, .0 » :^^^'*r,T,T,:^XoH gmup. Uk. *. ^ « Wi^h ^ i. '.-•^^ 
Cv» a^t or C,^ alKyll or unsub,n.u.«l. by ' .Ikoxy-lcyl. nrtw 0, 0;) or un«i.^ 

an acy. md.c* mey be ai.oh.uc or «om.bC ^'^^^^^^t^^^ ^^^ o, th. ^ineaon* gro^P 

stated, and -'^'r.:zT:7''^:^^^^^^^^ ^"^^ 

remein assentiiily the same (e.g.. »c«ty. V^v t 
" tyi, and cycon.x.noyt). juBittutxl caWyt or c»t«nyl 

A Key '..tur. of tne on>c.sa«^ '"r^ J" „ Jv ousiy de«>ib*> tre ert Surpnemgly. m. «ao.atu.«l 
as R, .nsteaa of a ofoteaed nyoroxytnetnyl group »• orevouny 
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on* of stull m art *n«n a Lawis ac:a af 'omuia III) s adaefl to a irnxture of silyiataa strne or ayrrria.rl 
Dase ana th» augar cofnpouna of formula ill). Instead. * a suDstia.»a ^ar^onyi/carwjryi ienvauvs n ;r« nar- 
meaiate of formula (VI) forces me Dunne or pynmia^re tease (Rii to aas n t-e c.s-conf 9i,ration relative to tPa 
5 suDsotutea cartionyl/carftonyl aerrvaove group. WltJiout a subatitLted ::arconyi or carooryi .jer^anve artacrea 
M OA' (for sxampla. *nen a hyaroxymetnyi group 3 .njteaa used), trte coupling proceai.res descncefl n Step 
4 oeiow will result n a mixture of cti- ana ytanj-isomers. 

Anotl-er key feature of the processes of tfiis nvention s tfie cnoice of Lewis acia. *'-e Lewis acias usea 
in the preparation of compounas of formula (I) have the general fonruia ill!) 




wherein R^, R,, R, ana R, are as defined previously, 'hese Lewis acKJs may be generated .n jitu or creoared 
using any method known m the an (e.g., A.H. Scnmiat. •Srornoinmeihyisilane and lodotnmethyisilane-Versatile 
20 Reagents for Organic Syntnasis'. Aldnchimica Acta . 14. pp. 31-33 (1981). The pr»f»fr»a Lewis acids of this 
invention are oaoirmetnylsiiane ana Tmethyisiiyi Trflat*. The preferred R,, R, and Rr groups are methyl or 
oalne. The most preferred R,, R, ana-R, group s methyl. The prefen-ed R, groups are iodine, chlorine, promine 
or suipnonate esters. The most prefen^d R, groups are iodine and TtfluorometJiane sulphorate. 
In the preferred prtjcesa of this invention, c/i- ana trans-isomers of a sugar of formula (II) 




(II) 



are saoanted by fracoonal oystailization and the desired conflguraoonal isomer selected. The selected ore- 
or the t/ans-isomer may »en be chemically resolved using a chiml auxiliary. The pure cJiinl «uj<<i«ry-tug*r 
diasterecmer t then oouoled to a silylated purne or pynmidine 0M« m the pr»»«ne« of a Lewn acid to aftonj 
33 an optically active nudeoaide of ca- configuration which is subsequently reduced to give a nudeoaide of for- 
mula (I). 

Schemes 1 A and 1 B depict thia preferred process as applied ^ any nueieoaid* of formula (I), 



!0 
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W^^O STEP 1 



SCHEME lA 



x'^ (TV) ^ 



«.-( T (CIS) * > 



(TRANS) 



(♦) CHJRAL AUXILIARY ^ \^ (-) CHIRAL AUXILIARY 



1 



(VI) 



(VII) 



I 



(T) 
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staoa u illuinad m Scn«mM i A ana 18 m«y t>« bo«fly (l««3ib«l i« teHowi; 
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Step ■^s starting caitonyl-sugar of 'on-uia i IV) tan :e srecarefl 5y any t^etr'oa krown - m. 
E.g.. Farna and 8en,gni, "A Nev» Syntnasis Of 2.3'-Oideoiy-nLC:e<is oes For A,ds C^ef-ot^e^aoy■ '-Ta-eeron 
i_grt8ra . 29, BO. 1239-1242 (1988) and M. Okaoe at ai. "Syntres-s 0<a»Qtyruatct.cti icC a-d CN"^ 

From GiuUrmcAcd. RiCor-oiactors and Pyrmdine Bases'. J Crq. C'em . 53. so. 4730-47 = 6 ;-38a,. "-e iar- 
bonyi grouo of -.riia stanmg comoound s radvjced cremos«iectv«iy «im a su.taoie reoucrq age"!. SLcn as :;s- 
arryiborane :o give !^e cjj- and Mns-somars of 'ortriijia C/). Oramaniy. ess c;i-30trer s :rQCLceo ;."an 73ns. 

S:eo 2: "^e nydroxyi grouo n tne intermediate of formuia iVl s readily oonvar.ed -.o a eavmg grouo oy 
ar>y rretPod known m tne an ;e.g., T.W. Greene Protectrve Groups In Crqa me Syntresis. ;b. 50-72. Jopn ,Vley 
i Sons. New YorV (*981)) to give tfie nove( mtemiediatBS of 'ormuia (II). 

This anomenc mirture 3 tfien separated By fractjonal crystallization mto the two configuraoonai sorrer, 
''•e solvent may oe adjusted to seiect 'or eitner tne as- or trans- sor-er 0 J. Pasto and C.R. Jonnson. Cri3r_c 
STLCt Lre DeiermTalion 30. 7-iO. Orentice-Hall. Inc.. New Jersey ("969). 

Steo3 Eitr-f:nec/s-iScneme1A)ort/3rTs-,somer(Scfieme • B) of formula ill) is chemically resolved .smg 
a "irai auxiliary' R.). A suitaOie cnirai auxiliary n one of h.gti optical punty and wrere tne mirror mage s readily 
availaole sucn as d-and :-mentfiol. The resulting d.astereomers of 'ormuia (VI) are easily separated 5y -rac- 
aonal crystailizafon. A.,ema=veiy. e*erth. c,s- orthe trans-somer may oe resolved '"^^^ « 
metncds known m t.-« an. J. Jacques e.al.. Pn.n,«,mera. Racemates And ResQluaons. pp. 251 -369. John m.y 
4 Sons, New York !'98i). - ^ j- 

-he optica, ounty of the aiastereomer {VI. VII or I) can 6e d.termin*i Sy chiral HPLC methods, specie 
n=taoon measurements and NMR tecnnigues. the opposite enahtKjmer s desired, it may 0. oDtained Sy using 
Uie mirror mage of ;^e cnral auxil.ary initially employed. For example, rf the ch«l auxiliary d-menthoi oroducM 
a (-verantiomer nuceoside. ts mirror image, i-menthd. will produce the (-)-«nartiom«r. 

Step 4- A orevousiy siiyiated (or s.lyiated m situ) punne or pyrmidine Oase or analogue or denvaOve trer»of 
, then glycosylated *ith the resulting pure aiastereomer m tfie presence of a Lew* ica of foimuia (111), such 
as odotrmethyis.lane ,TMS1) or trmethyisilyl inflate ("MSOTfl. to gr^e a nudeos-ae of ca-conflgurador, of for- 
mula iVIl) 'his nucleoside .3 ooticaily active and is suBstantially fme of the cofresoondirg wna-isomer (i.e.. 
t -onains no more than 25"., oreferaoly no nvsre than iQ". and more preferaWy no more than 5% of t^e (r»ra- 
somer). Coupling of the mtermeaiate of formula iVI) to re ounne or pynmOine eas« m tjiu step proce«3« m 
higher yields «ith the CIS-. somer. _ u .1- 

The preferred silyiat.ng agent for pynmidine oases ,s t-butyldimethylsJyl Inflati. It 9 btWiNtd tji.t th. bulky 
t-outyi grouo ncreas.s yields by -evening the mieraaion oecween tne Lewis acid end sily1at«) pynmidin. 

-he preferred method of mixing reagents m Step 4 is to fir^t add the chiral au«iliiry-sugar of formula (VI) 
to the silyiatea ourne or oymMdin. base. The Lewis acid of 'omiult (111) i. then addtd to th. momj™. 

Steo 5 -he c,s-nuaeo»ia. ofiUinad in St.o 4 may then be reduces with an .ppropn>l> reducing .gent «o 
ren^ve the chiral auxii«v and g~. a speckle stereoisomer of fon^ul. (1) T^. aMolut. '^J'* 
stereo,som« co^eapond. to that o* th. nu««.K3. interm«.i.te of for^l. (VII). Aa ahown m Schmrmy .*ar 
*e as- 1 Scheme 1 A) or th. tmn«.,«)ri.n (Sch.m. 1 B) obUinl in Slap 2 wm y.*d a «. 

A second proc,.. for m. dla.t«^.ctve synthesis of compound, of foonul. (I • "'"•'^^if^ 
2 ->e orocM. of Scherr* 2 is us^VjI when opbouly pure starting material may b. re«lilyobtauiad commetciaiiy 

" 'CoTbXlTT-^rn^n- i. ch.,«:.e,.ct.-y reduce end th. rea.^n, 
ve««l to a leavin, group. Th. dia«««3m«ic mixtur. may be =.m«l on fur«i* to compound. ^'^^ 
in . mannar an*c^ou. .0 »i.. daaoibad in Scnem. 1 Opdona.ly. th. dia...r«m.j^ mun^ "^"^ 
by fr«rtion.l cryatallization and aacfi aol.t«l optically actv. di..t.f~m« may ba c«n«l on turth* to com- 
pound, of formwla (I). 

Scn.ma 2 d.picta the s«»nd procass of tha mv.nton a. appliad a .ny nuclaoaiOa. 
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46 



X 




5S Th« y«n<x« ttap* invotv»<l in *• »yti9i»«i» of *• mjel»o«id«« of foimjim (I) ■( d«p<e»<l in Sch«»ti« 2 may 

&• enafly dMcrbad at taUovn: 

Stae 1 : Tha ttinng matanal of fomuH (IV) may Ba ofitainad oormareUlly m oqtk»«y pura fonn or pr»- 
oarml iccorting to tfia orocaOuraa o< Farra and aanignt. "A Naw Syn«>aa« Of 13'-0tdaoxy-nudaoaklaa For 

10 



EP 0 513 156 A1 



Aids ChemoWeraoy-, Tggapgdfon Latttn . 29, 3D. '239-'242 (i988) and Vt. CkaO« 9t ai. SyrTti^i Of 
Did^oxyrojcieoaiaas ddC and CNT From Glutamic Acid. RiBonoiacaire and Pynrr-idire Bases* J. Onj, C^er-. . 
53. pp. *780-4786 (1988). Th» jingl* isorrer of 'orrrula (l\0 n ch«nToa8iec;.-^eiy rscucec 3y a juriaci* ™ai.c.P9 
agant Juch as disnmyiborars to giv« a miyxrs of two Oiastereomera of 'ormula (V). 

Stso 2: Ttia hydroxyl grouos of tne two diastereomer? of 'onnuia iV) ara converted ;o aavng jroLCS 5y 
any rrstnod known ,n tMs art i give a mixture of wo diastareorrers of 'omnjia (10. 

Steo 3' ^e diastereomenc mixture of 'onnuia ill) u rea«e<l orevousiy iilyiated (or jilyiated n situ) 
-urne or synrnKiire oase or analogue or derivative, "^hen. addition of a Lewis acid of fonruia III), sucn as o 
dotrmethylsilane (TMSI) or Timettiylsityl rtlat. (TViSOTfl yields a nucleoside of c«-configurat,on of 'onmuia 
(Vlli). Thijnudeos.de .3 juBstantially free of Secorrespooaingiranj-.somer. ^ „ ^ ^ 

Steo The OBDcaily active c,5-nucieosK3e of formui. (VIM) a reduced stereosDeciflcally a reducing 
aqen, preferably ithium tremyit»ronydn<le or ,ithium aluminum hydrde and more preferably «dium Dorohydr- 
<j. n an aporo rat. solvent such as t.«nydrofuran or diethyl ether to g^e t.. compound of fom,u,a .1). 

AJtemat^ely at *e end of Step 2. ..her tne as-o, t^ e (;,ns-.somer may Pe «parat«l out of the diasmr- 
eom^c matter. Of 'onnuia ,11) by fraction., ostailizaaon or cnromatogrepny. The so-v.nt mey e ad^st. ^ 
,ei*:t 'or e«ier m. as- or the £r,ns-.somer. The single diaatereomer of fo<m,.l. (II) would then be earned or- 
*arti as descnbed n Steps 3 and 4 to a compound of formula (I). 

Scn.m.r3 Tand 5 ,llu,tr,t. the application of the proc.s. of Scheme 2 to the synthes^ of the enan.omers 

°' -ArC^trpr.'«^"rs'a:»d u,., spe^c reagen,, and st^^ng meten^s. . w. be appreciated by 
on, of skill n the art that suitable analogous reactants and staring materia may be used to prepare analogous 
compounds. 



so 



SCHEME 3 




Th« varoua it»p« .llu«lr«t»<l .n Sc^•^^• 3 m«y S« Br«fly d«»erb«l u toUow* 

Sttc 1; TH. staitlnq matanal (2RV5Hjxo-2-t.i™ny<lroftjr»n c«t)Oxy(ie lod (IX) H ivmilaW. from com- 
m«oal Mure«« or By syr**** thxn DslutiiiMC tc.d M. OKjB* « «l. ■Syn»««i« Of ITn OI<J«oxymjci»o«id<» 
ddC «nd CNT From Gluumic Aad. Ribono^icton. and Pynm din. B»«m', J. Org, S3. OP. 4780-4788 
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(^988). ^« Jtartirg matenat .5 estanfled witti an alconoi sucn as atraroi n trie 0 
sucn as ojtalyl cWorde and an estenficaoon oaalyat such as 4-<3.metr;yiaminooynmi<3Ln« ara a :as» jlc- as 
pynflin. ,n a comoatible solvent sucti as dichloromethane. 7^e estarf e<a ^moound <9 reflLcea *ith an acort> 
prats reducing agent sucn as disiamylborHne n a lor'paiiDie crgamc solvent. SLcn as ;eTarycroh.ran A. =91- 
■j,, at al.. 'Sorane Reaqents", Acadernic =Tess . 3. 426 (1988)). to give :l-e corroounds oCormuia 

Step 2- -he oomoounds of 'ormuia (X) ,s reacted *.tfi an ac:d cMorae or acid annyarde, sucn as acetic 
annydnde. :n * e sresenca of pyridine and an acyianon tataiysL sucn as 4-dimethylatninooynm«:,re. to give 
tfie comoounos of 'ormula (XI). ^ , . 

Steo 3 The mixture of as- and tf^ns-acetoxy compound of formula (Xll a reacted S-fluorocytosire or 
otner pyrmidira Sasa or analogue tnereof. -^e ounne or pynmidine oase or analogue a or.feraBiy s.lated 
h.xa,ret^yldalla2are or rr^r, preferaoly sJyiated .n situ wim t-Butyiain^tfiyisJyi inflate n a comBat:t,e organc 
solvent, sucn as aicrioron-etnane containing a hindered base, preferaBiy 2.4.6-collidine. 

A .ewa acd p-^feracly one denved from *e compounds of fonruia lill). more preferacly odo^methyis. 
lane or trm.tfiyl-silyl trflate. .s *.n added to give the cjs ooripound of 'omiula (X]l) ,n a nigniy diastareose- 

s'eo '""-^'e opacally acnve as-nudeoside (w.h some trans- somer) of for^la (Xll) is reduc*! stereosoe- 
cificaily witn a reducing agent, preferably sodium boronydrxi. m an approonate soNent sucn as ettianoi to g^e. 
after ounfication tfie compound of formula (XIII). 

It will be appreciated by one of sMI m tna an that rf the enantiomer of formula (XIII) is deaxed, the surtjng 
matenai of formula ,\X) would be (2SV5-oxo2-te<rahydrofuran carooxyiic acid (Scheme 4) and the process 
would procaod just as described for Scheme 3. 



JO 



33 



41 
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SCHEME 5 

0 




Th« vinotji SMM iiluair«t»<l m Seti»tn« S m«y t)« br«fly d««rb«l (Wlow»: 
StM 1; starting miuflal (2RV5-oxo-2-!toitiy(3rohjnn lartoxyic lad (IX) i« —ur1\^ wMi •n it- 
ooftol «icn •• .eitnoi ,n w« cnwnc* of in icyiitjrg isint lu<:^ (■ oxityt c«on<J« and tn MtanflcaBoo catalyst 
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sucn as 4-dimetnyiamino-pynaimin« »r<s a oas« sijcn 33 ayrdire n j corrDatieie JOWent jucn as aicr^'orer-e- 
man». The esterrfled compound 13 reduceO win an aooroDnats reducing agent sucn as disian-yiborane n a 
compatible organic solvent, such as tetrahydrofuran :o give :ne compounds 'crmula (X}. 

Step 2: The compounds of formula iX) iS rsaaea witfi an acid cnior ce or acid annycrde. sucft as acet-c 
annydnde. n tie presence of pyridine and an acyiaaon catalyst, sucfi as •iHametnyiaminopynmiame. :o -^ive 
tre compounds of 'ormuia 

Step 3; "^e mixture of cis- and frans-aceioxy compound of 'orrrula (XI) is reacted mV\ N-acetyl cytosme 
or otner syrmidine Base or analogue tnereof. The punne or pynmidine Base or analogue s preferaoiy ulated 
with lexamettiyldisilazane or more preferably silylated m situ wrtfi tnmetliyisJyl tntlale m a compatible organx 
solvent, sucn as dic^lorome(^ane containing a nmdered base, preferaoiy 2.4.6-collidine. 

A Lewis acid, preferably one derved from t.t compounds of formula (III), more prefently odotrmethys^ 
■ane. s :ren added ".o give cis nucleos.de n 3 fiignly diastereoaelective manner. The pure as- nucieos.fle s 
ootained by rxration *ith an appropriate sulvem sucfi as etnyi acetata and .lexares. 

The N-acetyi group a nydrolyzed oreferaply under acidic conditions and more pneferably with difluoroacetic 
acid in a compatible organic sotvant sucn as .sopropano^. preferaoiy under reflux, to give tfie deacyiaisd com- 
pounds of formula iXIV). 

Step 4: The optically active ci»-nudeoside of fomula (XIV) is reduced stereospeciflcally with a neducing 
agent, preferaoiy sodium boronydnde in an approprate solvent sucfl aa ethano* to giva the compound of 'or- 
muia iXV). 

In tfie aiastereoseleaive processes of this invention, the following mtannediatea are of particular mpor- 




(VI) 



(VII) 



(VIII) 



wtiefaifi R). R, and L are aa daflnad atxjva; 

cij and (fan»-2R-oart»atfioxy-S-hydroxytelra/rydrofuran; 
» cis and tr«n»2S-cartx3athoxy<S-hydroxytannydrofuran: 

as and lll^n•.2R-c•rto•l^oxy-5-ac8toxyta^^a^yd^ofuren; 

OS and trvi*-2S-careoai>iaxy-5-acatoxytanhydr(]<uran; 

vs.<N-*-ac«lylcytoain-1-yl)-i'R-c«rtoa9ioxyta(rahYdrefiMn: 

1 ' S-(cytoatrv 1 -y( V-iR-cartoatfKjxytatranydrofuren; 
35 rR-(5-(lijo«ocytoain-l-y1)-4'S-c«r6oaltioxytairanydroturan and rS-<5-fluoroey1oairv1-yt)-*'S-ca'*o«- 

ttioityteinhydrafuran: and 

1 S-(5-iIuorocytoain-i-yl)-*R-c«'OoatfH3xytairinydrofuran and rR-<5-fluofoc>lDain-1-y1>-*'R-e«rto«- 
t^oxytetrahydrofunn. 
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Th« following sxamoies liusjrat* ;h« present nvei-=on n a r-anrer of «nicn t zan 
such, jhould not be constrvjeO as imitations u[»n -.fe overall scoce of ne processes of :r 
wnere specrflcally noted, all [ah measuremena «er6 recoroed at amt:ient :errceratLre 



R-CARBCE'hOXV-S-0XO-'E~RAHYDR0F'-.RAN 

ElO,C,, 0, 



'a a cold (O'C) st.rred solution of 5-oxo-2R-tetrahydrofuraneartoxytic acid (3 g, 23 mmoi). l-JimetryamH 
nooyndina (Ul mg, 0.Z5 equivalents), and syndine (3,92 mL 2.1 equivalents) m aicWotrjmeihane (15 mL) un- 
der an argon atnospnere was added oxalyl chlorde (2. 1 1 mL 1 .OS equn/alent3) over a oenod of 30 mirutes. 

cooling batn was removed and the reaaion mixture -as stirred at room temoerature fof 10 minutes. Ethanol 
(2 0 mu ' 5 equivalents) was introduced and sonnng was continued 'txanotJier 1 hour 40 minutes. The reaction 
mixture was diluted water and dicniorometnane. 'oilowed by stimng fof ^ 0 minutM. The resultant mixture 
was transferred a a seoaratory -unnel. The aqueous ohase was removed and tne orgimc layer was wasned 
with 1 M HCI sanitated SaHCO,. Brne. ana ttien was dred (Na,SO.). TTie sotvent wis evaoorated under re- 
duced oresaure and the crude oroduct thus obtained was sub|»cted to cotumn chromatography (1:1 EtOAo- 
Hexane) to afford 3.23 g of the desired product as a syruo. "H NMR (CDa,):5 1 .29 (I 3H, J-7. 1 Hz). 2.20-2.40 
(m. lH),4.23(dofg2H. J«0.9. 7.1 Hz). 4 86-4,96 im 1H). 

Example 2 

CIS AND rRANS-2R-CARSOe-HOXY.5-HYDROXYTE^RAHYtlROFLIRAN 



A soiuDon of di»«mytbonn. wu 6r.par«1 By mixing 35 mL of BH, TWF (1 M in TWF) end 3S 
2-butene (2 m ThF) at O'C ro«ow.d by sdrring at 0-C for 75 mlntita.. To thi. totxtOon was introduced 2R- 
cart»ethoxy-5-oxotatr«hvdrofurBn diaaolved m THF (6 mL). Tlie raaultant mortur* wa« Mlowad to w«m jlowty 
to roon, temp^ttur. ovaf • p«iod o» 2.5 hour, and tflan wa. s6>T*l tbf inotflw 1 5 hour.. SjiW-jrf 
chlord. KJludon wm add«l. Mowd by dilution w,« EtOAc The abov -rtxtuf. wa. Mr^ 
and then wa. nnl^ to a ..p««ory funnel. The o-^anie ptt... was w«h.d ■uccaN^'y 
NH.a. bnn.. ano th«n wa. drtad (N.,SO.). The advent waa r«iwv«l on a '««nf«»«P«W •"f*!"^' 
product ot«.in«l wa. punfl«l t>y column chroriatography (40% etOAe.H.xar«.). ^l^f^J^ 
^olat«l in 70% yi*d (2.0S g) a. a 2:3 motUir, of isomer epmarc at CS. Jm» «roM^ "ST-^h^ 
was also detwa«l ('H HMR). The tltla compounds displayed tha following sp-etjH <*««etif»aci M i^mk 
^T^J1 28(t2H J-7 1 H2) 1 30(1 1H. J.7 1 Hz). 1 85-2.70 (m. ♦«). 2.S9 (d. 0.33H. J-a.5 Hz). 2.88 (d. 
ae^: J-V-f^f, T^Lu (m! 2H). 4.57 (d Of d. 0.33H. 8.3 Hz,. 4.70 (d O, d. 0.87H. J-4.1, 8.7 Hz,. 

5.59 (m. 0.33H). 5.74 (m. 0.67H). 



Example 3 

CIS AND rRA/VS-2R-CARBOeTHOXY.5-ACETOXyTETRA>lYDROFURAN 
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To » col<3 (-78'C) stirred soiuoon of a 2:3 motruro of c:s ira nrs-ZR-carooe'-oxy-t. 
hydroxytetranyarofuran i 2.!>»g, 1275 mmoi), jynaire (1 24 rrL. i 2 equivalents I, ana •>-<:. tT'eiKyiarrircsyraire 
(16 mg, 0.01 squrvalent) in dichloronettian* |20 mL) *aj addea acetyl cnionde (1 39 m. ' 2 ecuijaiertsi av«r 
a Denod of 5 minutes. The resultant mixture *as stirred 'or 10 mnutes. "'■« -TVC cooi.rg :atn ^as :-en 'S- 

5 placed witfi an ic»-water oatfi. Stimrg was cxjntinued for* 5 flours ^nile 3-e oatfi terroerature *as a,:o*ed ra 
warm slowly to room temperature. The reaction mixture was diluted with aicnorometnane and :ren was Tans- 
'en-80 ■.0 a seoaratcrv funnel. The organic layer was wasned successively with water. i W HCl. satsjraaa Nah- 
CC,, srneana "iien was dned (NajSO,). The solvent was removed on a rotary evaoorator and the crude oroouct 
octamed was punfied &y column cnroiriatograony (40% EtCAc-Hexane) io provide 1.T57 g of :r-a t.te :onv 

■0 pounds la 5.* motture) as a tmck oil. 'H NMR(CDCI,): 3 1.29 (t, i .eSh. J»7.1 Hz), 1.29 (t. 1 32H. J=7 ' Hz). 
1,30-2.30 'm. 3H1. 2.30-2.50 im ^H). 4. 10-4.30 (m, 2H), 4.59 (t. a.44H, J»a.O Hz). 4.70 (d of d, 0 56H. J=3.2. 
3.9 Hz), 6.33 ;d ofd. 0.44H. J=- 1, 3.9 Hz), S.46 (d. 0.56H. J=4.5 Hz). 

Example 4 

'S 

••S-.N-4-ACE~V-CY^CSIN-i-YL)-4R-CAR8CETH0XyTETRA>lYDR0FURAN 




'a a stirred susoension of N-t-acerylcytosme (50 mg, 0.298 mmoi) in dichloromethane (0.75 mL) contain- 
ing 2,5-:undine i35 nL, 3.298 mmot) under an argon aoryssDiare was added trimatnylsil)^ trrtluoromatnanasut- 
pnonate 153 -iL 0.298 mmol). The resulting mixture was sarred for 15 minutea to give a liflht suspension. A 
solution of a 5;4 mixture of c/a-and £n»n»-2R-cartK>ethoxy-5-ac8toxytetrBhydrtiftjr»n (50 mg, 0.248 mmol) in di- 

X cnlorometnane (1 mU and lodotnmettiyisilane (35 uL. 0.248 mrtiol) was saqviantialty inlroduead into tha abova 
suspension to generate a homogeneous sotuUon, Tht reaction was ailowad to oroca«d at room t8(np«f«ajr» 
'or 1 flour ana 40 minutes and men waa auencned witn a na(f- saturated soiution of NajSjOj. Tha reauldng ma- 
ture was stirred 'or 5 minutes and tfien was transferred to a separaiory funmi witti ma aid of mora dlchloroma- 
ttiane. The aoueous phaae was removed and »t organic layaf waa w«an«<l w«i aatutitad NajSjO,. watar, 

33 onne ana then waa anad (Na^O,), The comUmed aqueous waafimga were raexowaad with dichlofomattiana. 
The organic extracts war* comoinad and concanirataa unaar raducwl praasura eo provida 83 mg of the cnjda 
prtxJuct. H NMR analyaia of the cnjde product indicated that a cia and tuna (4:1 ) mixtu»ajf0iii axpact«l nu- 
aeoaidas was ganaratad. Tha crjda product waa aisaoivad m a mIniTiurf) amoufrt of ottofoform. AddWon of a 
3;7 mooure of EtOAc-haxanaa into »m solution producw) a wfiita prwapit»ta whic*i was co(lact»d by suction 

40 lltiation . Dry.ng of tha solid under vacuum afTordad 25 mg (32%) of Ifta tifla compound. 'H NMR (COO^: « 
t 33 (t 3H, J-7.1 Hz), 1.90-2.08 (m. 1H). 2.08-2.30 (m. 1H), 2.23 (a. 3H), 4,20-4.40 (m. 2H), 4,84 (t 1H, J-7,2 
Hz), 8.15 (d of d. 1H, J-4,0, S,9 Hi). 7,4« (d, 1H, J«7.5 Hz), 8.34 (bf a. 1H), 8.82 (d. 1H, J-7.5 Hz). 

The waaning waa eoncaniratad to give 58 mg of a as and tmna motttira (S:2) of tha Htla compound and its 
V isonw. 

4S 

Exampla 5 

&-L-2'.3'-OIDeOXYCYnDINE 



55 




A mixture of 1 S-(N-t-.c8ty1cytDain-1-yl)-4 R<art>oetHoxytatr»hydro(Ui«n (49 mg. 0.158 mmot. contsina 
IS 
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ca. 4% of tn« corresponding 1'R jomer) and TrflLoroacsoc ac;a '2* aU 2 squivaler-ai n sj-aroi , " r"_, was 
r^fluxad und«f an argon aonoapher* for 2 hours ana 40 minutes, "^e resuitanc mucure corsist.rg of ' S-icy- 
tosine-1-y1)-*'R-c«rt)o«ltioxytetrahydrof\jran and ts r soimer Aas cooied :o mom ten-oeratiire ara t-s- *as 
diluiad wiUi senna {O.SmL). Sodium boron ydnde I'S mg. 3 eouivaienai *a3 .njoducad and :fa 'eac:,c- - i- 

J ture was snrrea for 15 hours. .More reducing agent i6 mgj was acaed and sorrng was continued 'or ancrer 
1 hour 20 minutes. The reaction was duencred by »is addition of 2drooa of ooncenirated ammonium lycroxice 
'oilowed by ngorous stimng fof 15 minutes. The solvent was evaoorated under reduced oressurs ana Tt :n,ce 
product ootaired was subjected to column chromatograofiy (30% MeOH-6«DAc) to pnaviae 23 rng 54%, cf 
tne tide compound. The H NMR spectrum of this matenai indicated the presence of oa. 3% of »ie corresoona.ng 

15 VR isomer. This matenai was dissolved in a minimum amount of medianol. Addition of diethyl ether a this sol- 
ution generated 20 mq (SO*.) of tfie title compound as a crystalline white srecipitata *ee of tie "R somer i'h 
NWR). The title compound displayed the 'oilowing spectral cnaractenstics: 'H ^MR(C0,O0);a 1 60-2.CQ m, 
3H). 2.25-2.43 (m. 1H), 3.59 (d of d. 1M, J=4.1. 12.2 Hz). 3.78 (d of d. 1H. J»3.1. 12.2 Hz), 4.00-4.12 (m, -h). 
5.78 (d. IH. J»7.4 Hz). 5.92 (d of d. 1H. J=3.1 . 8.7 Hz), 3.02 (d, 1H. J»7.S Hz). 

'5 

Enarnple 6 

VR-(5-FLUOROCYTOSIN-1-YL)-4'S-CARBOETHOXY^ETaAHYDROFURAN AND VS-i S-FLUCRCCY-Q- 
SIN-1-YLl-4'S-CARSCe^0XYTETRAHYDR0FLRAN 



25 




To a stirred suspension of S-nuorocytoaine (1 92 mg, 1 ,49 mmol) in dichloromettiane (2 mU containing 2.S- 
jo lutidina (348 ul_ 2.98 rr»nol) under an argon aunoaphere was added t-butylditnelftyleilyt trtluoromethaneaul- 
phonate 678 uL. 2.98 rrmol). The resulting moour» was stirred for IS minuWa to giv» ■ hotnogeneoua solution. 
A soluton of a 2:1 mortjr* of 2S-carBo«tMoxy-5R-aceiO)tytetnnydrofuf»n and 2S-cwto«tNjxy-5S-«cetoxyt»- 
lanydrtifuran (250 mg, 1 .24 mmo() in dichlorometfiane (2 mL) and iodoaim«tftylal«ne (1 78 1 .24 mniol) w«a 
sequentially introduced in» the above sotuton. The reaction waa allowed to proceed at room temperature for 
31 1 hour and 30 minutea and then waa quanched with a half-salumtid solution of N»»StOi. Tha rawjiting motlLrt 
waa stiired for 5 minutM and tfi»n waa trtnafarreo to a separatory funn*. The aqueoua phaaa waa removed 
and the organic layar waa w«ah«l with saturated NajSjO,, «at»r. 6nna and then waa dhad (Na,SO»J. The eol- 
vent waa removed under raducad pr^aaure to provide the crude product which waa nibjactad to column ehro- 
matognphy ( 1 5% MaOH-EiOAc) to afford 1 99 mg (S9%) of the litla eompoundi aa a mtOim F:1 (1 ■R.4'S):(1 'S, 
40 4'S) By 'H NMR). The product dtadayed the following spectral charaetertatjca: 'H NMR (COOJ; 8 1.15-1.40 
(2 ovenappeifl t. 3H). 1 .90-2.15 (m. 2H). 2.25-2.55 (m. 2H1, 4.15-4.3S (m. 2H). 4.S4 (m. 0.87 Hi). 4.82 (d of d. 
0.13H. J-4.4, 8.0 Hz). 5.70-8.80 (unrMoJvwl m, IH), 8.09 (m. 1H), 7.40 (d. 0.13H, J^.7 Hi). 7.90-6.80 (un- 
raadvwj m. 1 H), 8.44 (d, 0.87H, J-fl.7 Hz). 

45 Examola7 

1$-(5-FVUOROCYTOSIN.1-YL>-4'W-ORflOE"'>'OX^"'^^^'^°'^'^ rR-<5-F1.UOROCYTO- 
SIN-1-YU-4'R-CARBOeTHOXYTETRAHYDROFURAN 



50 




To e stirred suapenaion of 5-fluorocytoaine (38 mg, 0.297 mmd) in diehloromethane (1 mL) containing 2.8- 
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luBdin* (69 nL. 0.594 mmot) untSar an argon aiinoso''«i'» «as aaSM ;-Bi;tyairr>«U'yisilyi rHuoromathanesui- 
pnonate ( 1 37 nt, 0.59* mmol). Tha resulting mgcur* «as strrea 'or " 5 imnutes a give a nomogeneoiis soiLtion 
A solution of a 5:4 mutture o1 2R•oartoet^oxv-5S-ac«toxytel^anyarofLra^ aro 2R-carBoetnoxy-5R-ace!cr/te- 
iranydrofuran (50 mq, 0.24a mmol) m dlcnloro(^et^ane (1 mL) and odotrmethyisilane (35 uL, 0.248 mmoij *as 

5 sequentially ntroduceO into the aoove solution. The reac-jon «a3 allowed a oroceed at room :emoeran.re 'or 
1 hour and 45 minutes ana then was quenched with a naif- saturated solution of NajS^Oj. The resulting n-adre 
«as stirred 'or 5 minutes and then was lansfan-ed to a seoaratory 'unnel. The aoueous ohase was removso 
ana the organic layer was washed with saturated NajSjOj, water, bnne and tfien was dned (NajSCj. Th» sol- 
vent was removed under reduced oressure to orovide the crude product whicfi was jub^aed :o column cnro- 

10 matograohy (15% MeOH-EtOAc) to alTord 52 mg (77",) of the tiSe compounds as a 11:2 C(1'R.4'R):(VS.4'R)1 
mixture I'H NMR). The sroduct disolayed Jie following soectral characteristics: 'H NWR (CDC1,):5 1.15-1.40 
(2ovenaoDingt. 3H). 1 90-2.10 (m. 2H). 2.25-2.60 (m. 2H). 4.15-4.35 (m. 2H). 4.57 (m. 0.85 Hz). 4.44 .a of a. 
0.15H, J»4-2. 7 3 Hz). 5.50-6.30 (unresolved m. 1H), 6.09 (m, 1H). 7.43 (d. 0.15H, J«fl.7 Hz). 7.50-9.00 (un- 
resolved m. 1 H), 3.56 (d. 0.35H. J«6.7 Hz). 



&-L-(5-FLUORO)-2'.3'-DIDEOXYCYTlDINE 



2« 
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To a ccKd (O'C) sorred susoension of l'R-(5-i1uoroeytoair-1-yl)-4'R-c«r6o«ttioxyte(nhydrofur«n and I'S- 
(S-fluofocytO8in-i-yi)-4 R-cart)o«lhoxytetrahydrofuran[307 mg, 1 .1 33 minoi, • 4:1 (1'R*'R):(1'S. 4'R)m(XBjr» 

30 of the isomers] in 4 mL of etfienol was added sodium Boponydride (86 mg, 2 equiveienti). Ttm reegttant mixHir» 
was stared for 5 minutes and the cooling oath waa removed. Stimng was continued taf 75 minutee at room 
tempenture. The reaction wu quenched by the addition of 4 drops of concentnted anmonhjin hydroxide. After 
tne mixture had been sflrred tor 15 minutes. <t\» $o^ent v»«8 removed under reducad pneeure and the cnide 
oroduct wea subjected to column cnromaiograpny (25% MeOH-EtOAc) to provide 197 tng (78%) o< the expert- 

J5 ed a-hydroxymethyl produeaa»a4:l mixture. One of the fractlonscodected waefoundtooonMIn the title com- 
pound in 97% punty ('H NMR). Thie fr^tiofl was concentrated to give 14 mg of • llflM beige colourwj foam. 
UV (X^: 282.7, 23«.4, 206.7 nm (MeOH); (alo-SV (s. 0.7 MeOH); 'H NMR (00,00): t 1.77-1 .90 (itv 2H), 
1 90-2.03 (m. 1H), 2.25-2.42 (m, 1H), 3.81 (d ofd. 1H. J«3.3. 12.3 Hz), 3.82 (dofd. 1H J-2.8. 12.3 Hi). 4.0« 
(m. 1H). 5.87 (m. 1H), 8.32 (d. 1H, J-7.0 Hz). 

Exempie 9 



»-0-<5-FLUOROV2', 3'-OIOeOXYCYnDINE • 




To a cold (O'C) sdired suapenson of 1R-(5-(1uorocytoein-1-yt)-fS-cartoethoxyte«ihydrti<ur«n and VS- 
(5-f1uor>cytoeifVl.yi>-4'S-<«Ooe*oxyte(rihydrofurtn (199 mg. 0.734 mmdl, ■ 7:1 (Vlt4'3):(1'S. 4-S) mbtttit* 
M of the leomen) in 3 mL of ethenoi wee edded sodium boronydhde (56 mg, 2 equlvHena). Die reeult«it mdrtjre 
wea sdrred for 5 minutee and the coating aeth was removed. Stimng waa oomtnued ovemigm (ca. 18 houn) 
at room tempereture. The reecOon wee quenched by the edditioo of 4 dreo* Of ooiwafiffited emmonium hy- 
droxide. After the mixture has been itrred for 15 minutee. the sofvem wae removed under reduced preeeure 

20 



EP 0 515 1!« A1 



ind »• cnjd* product w»a juDiectad to axuinn crromatoqraohy i20% MEOM-EOAc) a orovice "2 rng !67%) 
of •xpeasd 4'-hydroxym«my1 products M a 7 1 (rR.4'S):(rS.4'S) mixture I'H NMR). On« of u-s Yaaiors 
collaetad w»s found to conum th« nfl» coippourd only (H NMR). 'his "raction was corcertratsd m jtcuo -o 
giv« 27 of a whte foam; UV (1,^: 293,5, 238,2. 202,4 ntn yMaCh): [alo*96' (c. 0,7 MeOH), 'H NMR 

5 (CD,00)i 5 1.77-1,90 (m. 2H). 1,90-2.03 (m. 1H), 2.25-2.12 (m. 'H). 3,61 (dofd. 1H. J«3,3, 12,3 Hz). 3,92 ;d 
of d. 1H, J«2.a. 12.3 Hz), 4.06 (m. 1H). 5.37 (m, 1H). 9.32 (d. "H. J.7 3 Hz). 

Whiia wa nave presented a numoer of enootlimena of our nvention. many alternatives, moaificauons and 
varauons of Siese smBoOimeno will be aoperem to tfiose of ordinary skJI m tfie art Therefore. ,t will Se ap- 
preciated that me scope of this invention d to Pa defined by tfie following daima. rn^er tfian the specific «»- 

10 amples presented aPove. 



13 1. A diastereoselect^e procesa for producmg optically active ci»-nudeosidea and nudeoside analogues and 
denvaoves of *ormula (1) 

R,OCH, W. 



wherein 

R, IS hydrogen or acyl; 

Rj o a desired punne or Dvnmidihe base or an anaJogue or derivative thereof: 

W IS S. S»0. or SO,, Offv^, orCH,. 

X IS 0. S, S=0. Of SO,, O. NZ. CH,, CHF. CH. CHN,, of CHOH; 
Y 3 O. S. CH^ CH, CHF, or CHOH: and 
Z IS hydrogen, hydroxyt, alkyi or acyt: 

provKl«llt«tWlanotO,S,S-OorSO,*f!enYI«CH,indXI«0.3.S-OofSOi; ^ 
ttie procM* compnaing *• 3t«p of glyeoayi aong tfie deairwl punne or pyrmidlne t»— or analogue o 
ivativo t^er»of wilti a single enan doner of the compound of fofrnula (1!) 



(ID 



wherein 

R, >a I aubetilutgd outonyi or cartonyl deftvaOve; end 
L i« ■ iMving group, 
uaing a Lawie add of the fbtmula (III) 

R, - Si - R, (III) 
' I • 

^7 



wherein , ^ ^ _ ... 

R,. R« and Rt are independently s*ected frofn the gfoup oonaiating of hydrogen; C, alkyi ofldoo- 
ally aubatitijtw) by fluore. bromo. chloro. lodo, "Itoxy or C^, arykaxr Or- m "•'•'yl ocaoMily «''>«»- 
■ tut«) by halogen. C, alkyI or C... alter,. C^» aryl OBttonelly autatnLted t>y fluow, bromo. chlors. «Jo, 
C.a Ukyi or C,.a altory: jiaikyitilYl; fluoro; Brofho; cnloro and iodo; and 
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2. Tha DrocBM according to daim 1, flirthar comoramg the steo of reducing R, of »e glycosylated ounne 
or oyrmidine Base or analogue of denvitive therof to produce tfie optically active aj-nucleoside or nuaeo- 
>Kl» analogue or de^vat^« of formula (I). 

3. The process according to daim 1. ^rther comprising the step of resolving Ifie compound of 'ormula ill) 
into a single enantiomer using a chiral auxiliary before glycosylating ttie desired purre or pyrmidire base. 

4. The process according to any one of claims 1 to 3, wherein R, is a pynmidine base. 

5. The process according to daim 4. wherein the pyrrnidine base a cytoaine. 

8. The process according to deim 4, wherein the pynmidine base a 5-(luofDcytoaine. 

7. The process accocding to any oreof daima 1 to 3, wtierein the Lewis acid is s*ected from the group con- 
sisong of tnmathyisilyl inflate and iOdotrmethylsJane. 

i. The process according to daim 3. wherein the chiral auxJiery is selected from the group consisting of (d)- 
menthol and (l)-meraiol. 

9. The process according to any one of daims 1 to 3. wherein R, is selected from the group conaadng of 
alkoxycartHjnyls. larboxyia, diethylcarOoj<«mide. pymKidine amkje, tnemyl ketone and pherryl ketone. 

10. The process according to daim 9. wherein theRj a selected from the group coneisting of alkoxyc«rt)onyle 

and carboxyls. 

11. An intermediatB of formula (II) 



W ia O. 3, S*0. SO,, HZ. Of CHj; 

X i» 0. S. S-O. SOfc NZ. CH, CHF. CH, CHN^ or CHOH; 
y H 0. 3. CH,, CH. CHF. or CHCH; 

Z ia hydrogan. hydnuyt, alky« or acyl: provided that whan Y la CH, and X ia O, S, or SO^ W 
la rwt O. 3. S-O or SO^ 

R, la a subatttutad carbonyt or carbonyi derlvatjva; and 
L ia • laavmg group. 

12. An intarmedlata of formula <VI) 




(II) 



wherain 




wharatn 



W i* O. S. S-O. SO,, NZ or CH,, 

X la O. S. S-O. SO,, NZ. CH,, CHF, CH, CHN,, of CHOH: 
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y 3 0. S. CH,. CH, CHF, or CHOH: 

Z IS hyarog»n, hydro^iyl, aikyi or acyl: proviflea that *fen Y j CH; ana X s 0. S, S=C or SC. <V 
13 not O, S. S«0 Of SO2, 

R) s a juBsonjt»d carbonyl or carbonyi dervative, 
R4 s a cnirai aLu<ili*iy: and 
L 3 a aaving group. 

An .merrreoiata of 'onrnjla iVIl) 



(VII) 



wnerein 

W IS O, S, S=0. SO,, NZ. or CHj, 

X 3 0. S, S»0. SO,, N2. CH, CHF. CH, CHN,, Of CHOH: 
Y s 0. S, CHj, CH. CHF, or CHOH; 

Z 3 nyOrogen, nyuroxyl. allcyl or acyl; provided that whan Y 4 CH, and X is 0, S, S=0 or SO,, W 
13 not O. 3. S=0 Of SO,, 

R, i3 a Dunns or gyiimidins basa or an analogua or dartvativa tnaraof: 

3 a suDstitutad sarBonyl of carconyl dervativa: and 
R, ,3 a chirai au;<iliary. 

An ntermadiata of fonmila (•■^W) 




(VIII) 



X Y 



wharain 

W 13 0. S. S-O, SO,, NZ or CH,, 

X ia 0. S. S»0, SOj, NZ. CHj CHF, CH, CHN,, or CHOH; 
Y la O. S. CH,, CH. CHF, or CHOH: 

2 is hydrogan, hy<lroxy(. dkyi or acy(: providad ttiat wh«i Y ■ CH, and X la 0. S, S-O or SO,, W 
IS not 0, S, orSO^ 

R, ia a purina or pyrtmMina baaa or an analogua or dartvatNa ttwaof: and 
R, * a tubatltutad tartoryt or careony* darlvatNa. 

An irrtarrmdlata talactad from l^a group conaatlng of: 

cii and (7»na-2R-cartoattioxy-5-»iydroxytatrafiYdroftjnn: 
cia and (™na-2S-cartoa«twxy-5-hydit)xyt»ir«ftydfo*ii«n: 
c* and £r»n»-2R-caf6oa»J»xy-5-aoa«jxytairanydroftjf«n; 
cia and £mna-2S-carto«Jiox^5-ac»(oxytalr«ftydP0ft*r»n: 
1 'S-<N-4-acatytcy«oatn-l-yt)-*'R-carbo«tr)oxyta«ranydroAiran: 
1 ■S-<cyttain- 1 -ylH'R-catiot^oxytawftydroftjnn: 

1■R-<5-fl«Jor^>cytoain-1-yi>-♦■S-c»ft>oal^oxyt«^^nydro^^»n and 1'S-(5-*joroeytoain-1-yO-«'&<«'- 
boathoxytainnydrofuran: and 

1S-(5-fluofocytoain-1-y()-i'R-c«rt)oal*icxytatraftydriJ*urMi and 1'R-<5-(kJdrocytoain-1-yl)-*'R-e«f- 
BoaOioxyteiii hytjrofuran . 
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